The Middle Holocene was a period in which significant climate change and rapidly increasing population density are often both associated with dramatic changes in human subsistence and social organisation. Methodologically, it is interesting to ask: how can archaeologists learn to distinguish environmentally-and demographicallyconditioned aspects of change in such strategies? Limiting the scope of the study to the Americas partially controls variation in the timing of initial occupation, although both the scale and impact of climate change vary widely. This provides a laboratory for testing expectations of analytical models which allow environmental and demographic variables to change independently. This exploration is founded on Binford's (2001) environmental and hunter-gatherer frames of reference.
Introduction
Comparison of mid-Holocene behavioural strategies in the Americas presents ample opportunity to explore adaptive strategies of hunter-gatherers in a wide range of environmental settings. In contrast to Eurasian and African settings, there is much more consistency in the initial occupation dates across the Americas, minimising that source of variation in the relative timing of adaptive changes. Yet, including both North and South America introduces the possibility of contrasting patterns of adaptation in settings (northern hemisphere vs southern hemisphere) where midHolocene environmental change was structured differently. Theoretically, mid-Holocene temperature change is related to the interaction of several parameters relating to the Earth's orbit, some of which, at any point in time, impact the northern and southern hemispheres differently. Therefore there should be some regular differences in the impact of temperature change on habitats and the people who exploit them in the northern and southern hemispheres.
Methodologically, these differences could be exploited in research comparing sociocultural trajectories as evidenced in the archaeological record.
The focus of this paper is on drawing distinctions between environmental change and increasing popu- 
Implications of mid-Holocene shoreline for archaeological investigation
A few of these articles focus on reconstructing palaeoshorelines (Fedje & Christensen 1999) , determining palaeolandscape conditions for underwater sites (Faught 2004) , or discussing impact of sea level change on archaeological site distributions (Lewis 2000) . There is relatively little discussion of factors conditioning culture change in these settings where the primary issue is simply locating the sites. Nevertheless, Lewis argues that 'dryland archaeological sites on subsiding United
States coastlines should be biased … against archaeological evidence of coastal adaptations older than approximately 2000-5000 years BP' (2000:527) . This argument is founded on the assumption that people would gravitate to coastal resources and that population density in coastal regions would generally increase over time (Lewis 2000:527) . Thus, increasing population density is argued to be a response to resource potential.
Gourd-growing indicates increased fishing intensity
Reports of mid-Holocene occurrence of curcurbit remains in sites ranging from Minnesota (Perkl 1998 ) to Pennsylvania (Hart & Sidell 1997) , and Maine (Petersen & Sidell 1996) 
Shifting loci of occupation indicates huntergatherers still mobile
Another suite of papers explores regional change in mobility over time (Odell 1998) or shifts in the use of locales within a region (Delcourt et al 1998; Sandweiss 1996) . Together, these papers support the inference that mid-Holocene hunter-gatherers on the southern High Plains (Meltzer 1991) , in the Illinois Valley (Odell 1998) , Cumberland Plateau of eastern Kentucky (Delcourt et al 1998) and along the coasts of Ecuador and northwestern Peru (Sandweiss 1996) were still residentially mobile at a large geographic scale. This would be expected of hunter-gatherers at relatively low regional population densities where there was ample 'unoccupied' space into which to move when local resource availability altered. On both the Cumberland Plateau and on the coast of Peru, specific local environmental changes, related to mid-Holocene climate patterns, are referenced as the likely cause of the shifting loci of occupation.
In other regions, mid-Holocene hunter-gatherers are beginning to move in smaller territories (Jones 1996:259) , to shift from foraging to collecting strategies (Stafford 1994:219-220; Stafford et al 2000:318; Hildebrandt & McGuire 2002:249) , and make repeated use of cemetery locations (Tuross et al 1994) . Such shifts in subsistence and settlement strategies are explained in a variety of ways, but often focus on local impacts of environmental change on the structure of resources exploited (eg, Stafford 1994:233; Stafford et al 2000:318; Hildebrandt & McGuire 2002:249) .
Archaeologists working in the Channel Islands of California (Raab et al 1995; Arnold et al 1997; Colten & Arnold 1998) Delcourt & Delcourt 1988:26) , recognise that while the occupational intensity decreases in some areas, it increases in others during this time. Miotti (2009) argues that this reflects a change in the ideational realm of hunter-gatherers, with the use of landscape changing to reflect changes in beliefs about sacred places. While she suggests environmental change was probably the trigger for changing ideology, she does not discount independent change in ideology. Hildebrandt and McGuire (personal communication) suggest that increasing aridity in the interior of California and the Great Basin led to a shift in population from these regions to the California coast with significant use of estuary habitats, which reached mature levels of productivity as sea level rise slowed in the middle Holocene.
Other papers from
Evidence of intensified use of resources, especially acorns, along the coast is seen as a response to increased population density along the coast. However, environmental change and the redistribution of population across the larger region is argued to be the ultimate cause of this increasing density.
In addition to arguments that environmental change caused large-scale redistribution of human populations mid-Holocene, there are also arguments that environmental change caused change in the subsistence strategies of huntergatherers. Rhode (2009) 
Bias towards environmental change as explanation in archaeological discourse
In discussions of mid-Holocene adaptations in the 
Building the models
To explore the relative importance of changes in climate and population density for significant adaptive shifts in hunter-gatherer subsistence, I have built two separate models using Binford's (2001) environmental and hunter-gatherer frames of ref- 
Modelling density-dependent change in
hunter-gatherer subsistence Binford (2001:154-156 (Braconnot et al 2007:269) . It is estimated that in the regions of the northern hemisphere which felt the greatest impact the magnitude of this temperature change was 2-4 C different from today (Kerwin et al 1999) .
I have used this basic information to modify con- 
Analysis of model results
In order to assess general fit of the modified temperature models for mid-Holocene conditions, I will first compare expected vegetation classification calculated from these models with the best biome reconstructions available for the mid-Holocene.
Comparing modelled temperature regime to reconstructed data
The 
Comparing changes using mid-Holocene modelled temperature
Using the environmental and hunter-gatherer frames of reference calculated for contemporary weather station data as a standard for comparison, I will now explore the scale of change in vegetation class and hunter-gatherer subsistence speciality using the frames of reference calculated for both mid-Holocene models (2C and 4C difference from modern). Since we have begun our exploration with a comparison of the calculated vegetation class and biome reconstructions, let us continue by quantifying the change in vegetation class for each model compared to our figure   3 ). Using the modified temperature model adjusting 
Comparing changes related to increasing population density
The model for density-dependent changes in subsistence specialty projects values for six levels of population density (table 1) Similarly, there are regions where increasing density is not the most likely cause of a projected shift in hunter-gatherer subsistence speciality, although there are many more where it is likely to be the dominant factor. Table 4 provides a summary of this pattern.
Implications
Climatically 4 Complex hunter-gatherers as along the California coast have been recorded with densities 10 times higher than the highest modeled value used here. Thus these values are well within the range of hunter-gatherer adaptations.
5 Southern hemisphere weather stations (n=307) are included in the figures, but not used to calculate per cent change in the tables since the models being compared did not allow change in the southern hemisphere.
